Introduction
This is a review covering physical, chemical , and biochemical studies on the subject conducted in Kawamura's laboratory in 1945-196214-16,20-27,29,56-58,60 ) and in Prof. Nikuni's laboratory in 1965-66 chiefly by Tada59,61) supplemented by up-todate review of related studies in other laboratories .
As stated in the previous dissertation,17) edible legume seeds are ordinarily regarded as proteinaceous foods and the starches received relatively small attention by scientists, although they are major components from quantitative viewpoint .
The kind of legumes examined is shown in Table I , with recent references report ing merely on starch contents. Other legumes of which starches were mentioned include various beans as the raw material for ann (bean-jam) making , 46, 54, 62, 69) 19, 28) applied the method of extraction with perchloric acid following sugar extraction for the legumes 1-7, 9, and 10. Lehmann et a1.35-37 devised the formic acid method for determining starch and applied, among others, to peas, beans, soybeans, and lentils. The specific glucoamylase method was applied by Thivend et al.64) to legumes. At, first Kawamura et al. 29 ) isolated starches from various legume seeds with repeated leaching with 0.2.% sodium hydroxide. However, later15,16,21,24-27) starches were isolated with repeated mixing with water. The starch in the slurry was made to settle down. " The starch granules were purified by treating with 0.2% sodium hydroxide followed by washing with water and dehydration with ethanol and ether.
Physical
Properties of Starch Granules
Microscopic Observation
Nine chief Japanese food legumes were used. The starch granules, separated with the alkali method, were observed microscopically.29) Table II shows the result. See Fig. 1 Recently Tada, Koreeda, and Nikuni61). reported on the observations of starches from the legumes 2-9 with an electron microscope by the replica method. They could observe only a small part of the granule. The surface structure similar to that observed with a light microscope was observed only in case of the starch from adzuki beans (4) .
Thus the fissures observed often on legume starches with a light microscope might not really reach the surface of the granule, except in case of adzuki beans.
In case of observation with a light microscope, the starch granules from various legumes are very similar in type. ; Only in pea starches there are two different types of starch granules : one similar to other legume starch and the other entirely different, compound granule type. The former granules belong to the starch from smooth pea, while the latter granules belong to the starch from wrinkled pea. The order of maximum diameter is adzuki bean (#4) (largest) > pea (#3) > kidney bean (#6) > sword bean (#9) > broad bean (#2) > hyacinth bean (#8) > Yokohama bean (#11)> asparagus bean (#7) =mung bdan (#5).29) Group B. Legume starches which show more or less distinct rise in viscosity by heating and subsequent cooling. The legumes giving such starches are in decreasing order of viscosity asparagus bean (#7), Yokohama bean (#11), sword bean (#9), mung bean (#5), adzuki bean (#4), and hyacinth bean (#8). Asparagus bean of zyuroku-sasage variety (#7a) gave the highest viscosity both at 6.0 and 9.0%. According to Suzuki and Taketomi55) legume starches may be identified by amyloalkaligrams, in which the viscosity of starches are plotted against varying concentrations of potassium hydroxide (up to 0.5 N). They noted that the concentration of potassium hydroxide at which swelling begins was different with different starches : 0.22-0.24 N for legumes 2, 3, and 4, 0.28-0 .31 N for #6, and 0.34N for #7.
X-Ray Diffraction
Kawamura and Idizukuri16) reported whole line profiles of some legume starches observed by an X-ray diffractometer. The result is given in Fig . 5 . Thus all the legume starches examined belong to the C-type except the starch from mung bean (#5) (A-type). When the C-type is considered to be the composite of A-type and B-type in certain proportions, the starches from kidney bean (#6) and sword bean (#9) may be taken as the composite of 85% A and 15% B , while those from broad bean (#2) and hyacinth bean (#8) as that of 80% A and 20% B .
1.5.
Other Studies in the Literature
Kryuk and Markevich33) studied on the changes in pea starch effected by radioactive cobalt gamma-radiation. As radiation increased from 180 to 1870 r, the hydrophilic property of starch increased and the temperature of paste fromation was loweed. 
Chemical Studies of Starch Moecules
There is some doubt as to whether the starch molecule is composed of amylose (linear fraction or fracfion A) and amylopection (branched fraction or fraction B). For example, Deulin4) is inclined to one-component theory, having as prerequisite the existemce of glucoside linkages between amylose and amylopeetrn. However, here the results of fractionation and determination of amylose and amylooectin, as experimented in 1957-59 are presented.
Fractionation of Starch
Kawamura and Tada 24) reviewed on fractionation and determination of starches, especially as applied to legume starches in 1957 with 45 references. They made a preliminary experiment on fractionation by the Schoch's butanol method. However, the gelatinization conditions were insufficient. This point was examined by Tada.57) Starches from broad beans (#2), adzuki beans (#4), and kidney beans (#6) (forms kintoki and nagauzura) were subjected to two different methods of gelatinization, alkali gelatinization and autoclaving.
Amyloses and amylopectins were separated from two sets of gelatinized starches. Measurements were made for the yield, iodine coloration, iodine affinity (potentiometric titration), intrinsic viscosity, and , alkali, lability number of the two fractions. Amyloses of high iodine affinity could be obtained by autoclaving rather than by alkali gelatinization. However, alkali lability number of amyloses from autoclaved samples tended to be higher than from alkali-gelatinized starches. Thus amyloses obtained from autoclaved starches might be degraded though high in blue value and iodine affinity.
Thus Kawamura and Tada25) employed again the alkali gelatinization, but they paid attention to the complete gelatinization of each legume starch. The easiness of gelatinization differed according to the kind of starches. Complete gelatinization was attained after 5 min in case of broad-bean starch (#2), compared to 10 min with potato starch (control), 11 min with adzuki-bean starch (#4), 20 min with mung-bean starch (#5), 30 min with kidney-bean starch (#6), 40 min with hyacinth-bean starch (#8), and as long as 60 mmn with sword-bean starch (#9). This experiments was made as follows : 20 ml of 2 % sodium hydroxide was added to 1.6 g starch moistend with 20 ml water and the complete elatinization was ascertamed with a microscope. Kawamura and Tada25) applied iodine coloration method in order to determine amylose of legume starches. The measurement of iodine coloration was made by the method of Mc ready, Guggolz, Silviera, and Owens (1950). The maximum absorption of the iodine complex of amyolses was at 630-660 mu , but the wave elength of 660 mu was used. The additivity of iodine coloration of the two fractions was proved with broad bean starch and adzuki-bean starch by experiments. Thus we have the equation, where x is the amylose content in starch, A is iodine coloration of amylose, B is iodine coloration of ahiylopectin, and D is iodine coloration of total starch. These These lower values for amylose may be due in part to the use of butanol as complexing agent (isoamyl alcohol is generally preferred in this respect). The amylose preparations obtained showed alkali lability number of 28-47, considerably high, showing that they receivedd some degradation. The amylopectin preparations showed alkali lability number of 20-43, showing again some degradation. Tada58) examined this method on starches from broad bean, wheat, and sweet potato. The graphic method by Lansky et al. was used. The concentration of potassium hydroxide solution used to disperse starch might be 1.0 N rather than 0.5 N, since higher dispersion was not accompanied by decreased iodine affinity. It was recognized that defatting of starch with methanol was necessary to determine iodine affinity and that treatment of the raw material with 0.2% sodium hydroxide was not sufficinet to saponify fatty meterial adhered to starch granules. 
By paper chromatography
The method of Taki63) was applied to legume starches27) with some modification. Put quantitatively a 0.1 % solution of alkali-gelatinized starch (after neutralization) on a sheet of filter paper. Develop with 35% perchloric acid by a descending technique. On coloration with iodine, it was shown that amylose stayed near the original point while amylopectin moved downward. Let amylopectin flow down out of the paper. Take the paper out of iodine bath. Remove iodine from the paper by sublimation. Dissolve amylose with 35% perchloric acid and determine colorimetically with iodine-potassium iodide. On the other hand determine iodine coloration on amylose fraction separated from starch.
Calculate the amylose content from the ratio of those two measurements of iodine coloration. The results (30.2-47.1 %) were still higher than amylose contents obtained by potentiometric titration. The wave length of maximum absorption of iodine coloration scarcely changed before and after paper chromatography in the case of starch, but it shifted a little to shorter wave length after paper chromatography in the case of amylose. This might indicate that slight degradation of amylose occurred by development with perchloric acid. * This corresponds to the period , when the hilum darkened a little. The immature seeds of which starch was fractionated were harvested on this day. ** This hilum of the seed coat darkened completely . The mature seeds of which starch was fractionated were harvested on this day. Danielson2,3) reported that sugar was accumulated in pea seeds so that in the water phase the concentration was maintained at 8-9% and that at the end of ripening the sugar concentration decreased according to the first-order reaction. He noticed that starch was synthesized with two different velocities and proposed a hypothesis that two different kinds of starch are synthesized or the starch-synthesizing enzymes are activated at a certain time.
Comparison of the three methods
According to Enachescu et al. 7) starch increased, sugar and ascorbic acid decreased in peas (4 varieties) during growth. Greenwood and Thomson8) reported on the properties of the components of starches from smooth and wrinkled peas during growth. With increase in maturity of wrinkled peas the amylose component increased in molecular size and the fl-amylolysis limit decreased, while the characteristics of the amylopectins appeared to alter very little but the amount of contaminating short-chain amylose (separable by differential ultracentrifugation) in the wrinkled pea amylopectins increased. Yblokov70) reported on the changes of chemical compositions of pea seeds depending on the variety and growing conditions. The greatest changes were found in composition of nitrogen-free extract (mostly starch), cellulose, and raw protein. Early sowing caused rise in the starch content. Vladimir et al. 67 ) studied the metabolism of sugars in germinating peas. In the first 6 days, reserve material such as starch was changed into glucose and subsequently to fructose. Yurchenko 73) reported that green peas grown in the southern Ukraine had less sugar and ascorbic acid and more starch and carotene than northern varieties. Table XI at 6 maturity stages. The size distribution of starch granules in these maturity stages are shown in Table XII . Iodine coloration and iodine affinity of starch and its two fractions are given in Table XIII . Physcial properties studied include gelatinization and X-ray diffractometry of starches. Thus also in case of pea starch granules, the appositive growth was presumed similarly to the case of broad-bean starch described above (Kawamura14)). Tada et al.61) reported similar tendency of the surface structure between pea starch and broad-bean starch as studied by an electron microscope, on the sample starches collected from 6 defferent, periods of maturity. 
Mung bean, Phaseolus aureus (#5)
Dt mazert et al.6) reported on the changes in the carbohydrates during germination of mung beans in the dark at 28"C. Mobilization of starch to form cellulose began on the second day. Only small amounts of free sugars were present. Large amounts of uridine diphosphate appeared on the second day. It was thought to be involved in glucosyl transfer ,from starch to cellulose. Ishikawa et al 11) presumed starch and sugars as precursors of lignin in mung dean seedlings.
Hyacinth bean, Dolichos lablab (#8)
Rao. and Kadkol48) ana1yed hyacinth beans at different stages of maturity. In the green, the greenish yellow,, and the full mature stages, moisture was 68.4, 55.4, and 10.9%, starch was 38.6, 475, % and 460% on dry basis. Other carbohydrate by difference decreased on dry basis.
3.4.4; Other beaztus
Lens culinaris seedlings were studied by Siegenthaler.51) In the zones of cell divisionn and of elongation, sugars were high and starch low. In the zone of differentiation sugars increased and starch decreased. Twenty varieties of beans were employed by Mikhov et al. 42) in the study of changes in the chemical properties during ripening. , Sugars and chlorophyll decreased during ripening, while the starch content increased. These changes were different for varieties, temperature, and humidity.
Soybeans, Glycine max (#10).
Kawamura18) published a review on soybean polysaccharides including starch , especially in relation to germination and growth. Kawamatu and Ichie1) reported on the changes in distribution and amounts of reserve substances in germinating soybeans. Starch almost absent in the dormant seed appeared on the third to sixth day of germination, when starch was distributed remarkably along cell membrane . They presumed that starch granules were formed from sugars derived from decomposition of proteins and fats. They also observed that starch granules disappeared at the location where growth was completed. The amount of starch is the balance of the amount of translocated carbohydrate from the cotyledon and that of starch consumed at the place under consideration.
Bils and Howell1) divided the development of soybean cotyledon in 5 periods . In the second period (18-26 days after flowering, 20-150 mg fresh weight), a time of high metabolic activity, the starch granules which persist almost until maturity , indicated that carbohydrates were entering the cotyledons faster than they could be utilized in synthetic activities. During the fourth period (36-52 days after flowering , 280-480 mg fresh weight) the relative amounts of lipid and starch remained fairly constant. During the fifth or last period (52-60 days after flowering, 480-180 mg fresh weight), dehydration and maturation were completed, starch granules were completely converted to their components, and none were seen at maturity . The starch present during developmmnt serves as a temporary storage carbohydrate , supporting protein, lipid, and other syntheses in the cotyledon. After the supply of carbohydrates from leaves is reduced or terminated by leaf-yellowing, synthetic activities consume the remaining starch so that ordinarily none is present in mature seeds. Konno et al.32) Table XVI . Iodine affinity of the starch increased up to 6 days of germination and then decreased . The starch from seedlings germinated for 4 and 10 days was fractionated , various properties of amylose and amylopectin were such as given in Table XVII . The starch of germinated soybean seedlings showed much higher alkali number , lower viscosity, and shorter chain length per end group than mature broad-bean starch . Thus the starch of germinated soybeans is poorer in amylose than ordinary reserve starch of legumes . Discussion Kawamural5-17) made a rather rough conclusion concerning the interrelationships among granule size, amylose content , and amylogram of the starches from various legume seeds examined. He connected this reasoning also with the nature of starch formation in broad beans (as well as peas , as revealed later by Tada59)).
Concerning granules of legume starches , Table II shows that the largest long diameter (on average) was 44 u (adzuki bean) and the smallest long diameter was 221u(mung bean). Now legume starches are divided in two groups a (31-44 u) and b (28-22 u) . Large granules (a) are met with starches from the broad bean , pea, adzuki bean, kidney bean, and sword bean, while small granules (b) with those from the mung bean, asparagus bean, hyacinth bean , and Yohahama bean.
In the same concentration small granules must show more remarkable increase in volume due to gelatinization than large granules. Therefore , at high temperature small granules will give the paste of higher viscosity and the amylogram will belong to the group B (increase in viscosity with heating is large) (1 .3.) . This has been proved with starches from wheat, barley, potato, and sweet potato. Now this relation is extended to various legume starches. The starches with samll granules (b), i. e., those from mung bean, asparagus bean, hyacinth bean, and Yokohama bean -all belong to group B of amylogram (viscous paste). Among the starches with large granules (a), those from broad bean, pea, and kidney bean belong to group A (nonviscous paste). Such an extention necessarily has exceptions : Starches from adzuki bean and sword bean of a belong to group B.
It has been reported that in case of barley small starch granules contain more amylopectin than large granules and the viscosity of the paste is higher in starch with much amylopectin. It was observed that during the growth of broad-bean seeds starch granules increased and simultaneously amylose content increased14) (3.2.). This means that small granules contain relatively much amylopectin. Thus similarly to the the case of barley, small granules, i. e. starch with much amylopectin give the paste of high viscosity.
According to Table VII , amylose content of starch is highest in kidney bean (form kintoki), 29.5%, and lowest in sword bean (21.5%). Now legume starches are divided in two groups, i. e. of high (a) and low (ft) amylose content by taking medium value (25.5%) as the dividing line. To goup a belong starches from broad bean, pea, mung bean, and kidney bean, while to group /9 belong those from adzuki bean, asparagus bean, hyacinth bean, and sword bean. The starches of the goup {9 belong to goup B from the viewpoint of amylogram, while the starches of the goup a to group A except mung-bean starch.
These interrelations are tabulated in Table XVIII . In this review the species of legumes are numbered according to botanical classification. Vicia and Pisum are the lowest in evolution and belong to subfamily Vicieae. All the legumes from Phaseolus to Stizolobium belong to subfamily Phaseoleae, and the genus is given in the order from the low to the high in evolution. Vivis and Pisum belonging to Vicieae have starches with large granules (a), with much amylose (a), and with amylogram of group A, i. e. the paste is not so viscous . The three species of legumes belonging to the same genus Phaseolus-kindney , adzuki, and mung beans-do not show similarity of the properties of starches . The species of legumes belonging to Phaseoleae but not Phaseolus-Vigna , Dolichos, Canaaalia, and Stizolobium-have starches with low amylose content (f) and with amylogram of group B , i. e, the paste is much viscous. Their granules are small (b) except those of Canavalia starch .
